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Spinal cord ischemia is a rare complication after abdominal aortic surgery and has been attributed to surgical
devascularization of the spinal cord, atheroembolization of the cord circulation, or hypoperfusion of cord structures
secondary to hypotension or cord edema.We present a diabetic, hypertensive 75-year-oldmale with endstage renal disease
who presented with a 5.5 cm asymptomatic infrarenal abdominal aortic aneurysm, and concomitant 3.5 cm right common
iliac artery aneurysm. After undergoing successful endovascular repair with an aorto-uni-iliac device, unilateral hypogas-
tric artery embolization, and femoral-femoral bypass, he was discharged to a rehabilitation facility neurologically intact
with a stage 2 decubitus ulcer. He returned on postoperative day 21 with a large stage 4 septic decubitus ulcer, fever,
leukocytosis, hypotension, and paraplegia. We hypothesize that the compromised blood flow from the initial reconstruc-
tion, combined with the delayed hypotension imposed by sepsis, resulted in spinal cord infarction. He was eventually
discharged to a nursing facility with no improvement in his neurologic status. We report the first case of significantly
delayed permanent paraplegia after endovascular abdominal aortic aneurysmorrhaphy. (J Vasc Surg 2010;51:725-8.)Endovascular aneurysm repair (EVAR) has become the
first-line therapy for elective repair of abdominal aortic
aneurysms (AAA) due to the significant decrease in periop-
erative morbidity of the procedure compared to the open
surgical technique. Spinal cord ischemia after traditional
open abdominal aortic surgery is a rare and devastating
complication occurring in approximately 0.25% of cases.1
The incidence of neurologic complications after EVAR is
similarly low, with the Eurostar Database finding an inci-
dence of 0.21% and other smaller EVAR series listing no
neurologic complications.2-4
Several mechanisms have been proposed for acute para-
plegia after abdominal aortic surgery, including surgical
interruption of the vascular supply to the spinal cord,
atheroembolization of debris into the pelvic circulation
supplying the cord, and cord hypoperfusion secondary
to intraoperative and postoperative hypotension or cord
edema.1,5-7 Each of these mechanisms contributes to a
varying degree in each case, with the particular cause in
each case depending heavily on whether open or endovas-
cular techniques were employed. We present the only re-
port of significantly delayed, permanent paraplegia after
EVAR in a patient presenting 3 weeks postoperatively with
sepsis and hypotension from a sacral decubitus wound.
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A 75-year-old man with a medical history significant for
diabetes mellitus, coronary artery disease, hypertension, peripheral
vascular disease, and endstage renal disease (secondary to polycys-
tic kidney disease) recently started on hemodialysis, presented with
a 5.5 cm asymptomatic infrarenal AAA, and concomitant 3.5 cm
right common iliac artery aneurysm. He had previously undergone
coronary artery bypass grafting andmechanical aortic valve replace-
ment. A preoperative computed tomography (CT) scan demon-
strated a fusiform aneurysm starting approximately 3 cm below the
lowest (right) renal artery. The infrarenal aortic neck was ectatic
measuring 32-34mm throughout its length, precluding placement
of standard endovascular grafts (Fig 1). The region of the aorta
from the top of the left renal artery to the bottom of the superior
mesenteric artery (SMA) orifice measured 11 mm in length, and
30-32 mm in diameter, which was considered an acceptable prox-
imal fixation site, with planned coverage of both renal arteries. As
the distal aorta was too severely narrowed and calcified to accom-
modate a bifurcated graft, the operative plan included the use of an
aorto-uni-iliac (AUI) graft, with femoral-femoral bypass, and con-
tralateral common iliac artery occlusion. Open surgical repair of
the aneurysm was not attempted due to the patient’s multiple
co-morbid conditions, and the patient’s desire to begin home
peritoneal dialysis.
Under general anesthesia, bilateral transverse groin cutdowns
were used to expose the common femoral arteries. The proximal
right hypogastric artery was occluded using embolization coils
(Cook Medical, Bloomington, Ind). A 36 mm AUI endograft
(Zenith Renu, Cook Medical) was deployed starting proximally at
the orifice of the SMA (with the “suprarenal” bare metal stents
extending above the SMA) and landing distally in the right com-
mon iliac artery. There was no patent inferior mesenteric artery
seen before graft deployment. The endograft was extended using
12 mm limb extensions to land in the right external iliac artery,
thus treating the right common iliac artery aneurysm. A 20 mm
Zenith iliac occluder plug was then deployed to occlude the left
common iliac artery. Finally, a femoral-femoral bypass was per-
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At the completion of the procedure no endoleak was observed,
pedal pulses were present in both extremities, and retrograde filling
of the left hypogastric artery was demonstrated angiographically
(Fig 2, A, B). The entire procedure took approximately 6 hours to
complete.
On the morning of the first postoperative day, the patient was
noted to have a 10 cm stage 1 sacral decubitus ulcer that had not
been present preoperatively. The wound was treated conservatively
with wound care and weight shifting, and the patient was dis-
charged to a subacute rehabilitation facility on postoperative day
10 after being anticoagulated for his mechanical aortic valve. On
discharge, the decubitus ulcer was stage 2, the patient was neuro-
logically intact, and ambulating with assistance (using a walker due
to mild deconditioning and discomfort from his sacral decubitus
wound).
The patient presented in septic shock on postoperative day 21
to an outside facility with fever, rigors, hypotension (70/50 mm
Hg), leukocytosis (23,300/uL) and bilateral lower extremity
paresis. After he was stabilized hemodynamically and grossly de-
brided, he was transferred to our institution for further manage-
ment approximately 2.5 days later. On arrival, he had a foul-
smelling, grossly infected, 17  10 cm stage 4 sacral decubitus
ulcer extending onto the right buttock. His neurologic exam
consisted of paraplegia, areflexia, and loss of sensation at the T8
level. Spinal cord drainage was not attempted due to the period of
time that the patient had been paraplegic at presentation to our
institution. Both lower extremities remained well perfused, and the
left hypogastric artery remained patent by CT angiogram (Fig 3). A
magnetic resonance imaging (MRI) scan confirmed diffuse edema
of the distal spinal cord consistent with ischemia. The patient
Fig 1. Preoperative non-contrast coronal abdominal computed
tomography (CT) scan demonstrating the ectatic infrarenal aortic
neck above the abdominal aortic aneurysm.endured a prolonged recovery from his sepsis including multipleoperative sacral debridements, a diverting colostomy, a tracheos-
tomy, and a percutaneous endoscopic gastrostomy tube. He was
discharged to a skilled nursing facility on hospital day 124 without
improvement in his neurologic exam. On discharge, the sacral
wound bed was lined with healthy granulation tissue and main-
tained with a vacuum dressing.
DISCUSSION
Spinal cord ischemia (SCI) after abdominal aortic sur-
gery is an infrequent catastrophe and is associated with a
high mortality. Potential factors contributing to the devel-
opment of acute spinal cord ischemia include prolonged
aortic clamping (and concurrent cord ischemia), intraoper-
ative hypotension, and coverage or interruption of the
artery of Adamkiewicz (greater radicular artery).8 Delayed
spinal cord ischemia has been postulated to be due to
reperfusion, cord edema, and subsequent hypoperfusion of
the spinal cord.9 Systemic hypotension resulting in cord
hypoperfusion has also been implicated in the pathogenesis
of SCI. Cerebrospinal fluid drainage and raising spinal cord
perfusion pressure have successfully treated these mecha-
nisms of ischemia.10
EVAR involves routine coverage of the inferior mesen-
teric artery (IMA) and lumbar arteries, and instrumentation
of the aneurysmal vasculature with stiff wires and devices,
yet SCI after infrarenal EVAR remains exceptionally un-
common. This is presumably due to the placement of
endografts at a safe distance from the artery of Adamk-
iewicz (originating between T8 and T12 in over 80% of
patients) and the preservation of the hypogastric circulation
in most patients.6,11 Additional factors implicated in SCI
after EVAR include intentional or inadvertent coverage of
one or both hypogastric arteries, and atheroembolization
due to wire manipulation.5,12,13 This patient had two sig-
nificant anatomic compromises to the spinal cord circula-
tion: the endograft was situated more proximally than is
customary (originating at the level of the SMA potentially
covering more lumbar arteries), and one hypogastric artery
was electively embolized at its origin. There were no prom-
inent lumbar arteries or a patent IMA noted on initial
angiography before endograft deployment (Fig 4).
Spinal cord ischemia has been reported after EVAR by
the Eurostar collaborators in nearly the same frequency as
for open repair (0.21% for EVAR vs 0.26% for open sur-
gery).3 A higher incidence of SCI has been observed in
ruptured AAA (rEVAR) using an AUI device (as used in
our patient). Spinal cord ischemia occurred in 11.5% in a
series of 35 rEVAR patients, with a significantly higher risk
incurred by coverage of a hypogastric artery with an AUI
device.14 Peppelenbosch et al14 hypothesized that the use
of an AUI device prolongs the functional aortic occlusion
time during completion of the femoral-femoral bypass and
retrograde reperfusion of the contralateral hypogastric ar-
tery. The time required for this portion of the procedure
prolongs the potential ischemic insult to a compromised
spinal cord. This EVAR technique should be avoided when
possible, especially in the presence of hemorrhagic shock or
contralateral pelvic embolization. The embolization of the
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perfusion of the left hypogastric artery compromised the
perfusion of the pelvis and spinal cord in our patient,
perhaps contributing to the development of the early sacral
decubitus ulcer.
SCI after elective EVAR has been reported as an imme-
diate finding upon discontinuation of general or regional
anesthesia.5,6 Several reports also exist of patients emerging
from elective surgery intact, and then acutely developing
varying degrees of lower extremity paralysis on the opera-
tive day.8,10,11 Bajwa et al12 successfully reversed the symp-
Fig 2. A, Completion digital subtraction angiogram de
aneurysm (AAA) and flow into the external iliac artery aft
superior mesenteric artery (SMA). B, Digital subtractio
femoral arterial sheath demonstrating effective occlusion
patency of the left hypogastric artery.
Fig 3. Postoperative axial contrast-enhanced computed tomogra-
phy (CT) scan demonstrating continued patency of the left hypogas-
tric artery (arrow) after the patient presented with paraplegia.toms by implementing cerebrospinal fluid drainage to raisethe perfusion pressure of the spinal cord. In all cases, the
patients eventually ambulated successfully. Bhama et al12
and Kwok et al13 reported delayed SCI occurring approxi-
mately 2 days after the elective procedure. Kwok et al13
reported bilateral lower extremity weakness with bowel and
bladder incontinence in a patient with bilateral hypogastric
embolizations. These symptoms resolved by 1 month.
Bhama et al12 reported bilateral flaccid paralysis treated
with cerebrospinal fluid drainage, intravenous steroid ther-
apy, and pharmacologic augmentation of the blood pres-
sure. That patient demonstrated mild improvement in neu-
rologic function after 8 months.
Reid et al15 reported the only case of significantly
delayed (greater than 2 weeks) temporary paraplegia after
EVAR in a 74-year-old woman with preoperative imaging
suggestive of fibromuscular dysplasia of the renal arteries.
She underwent EVARwith a residual type I endoleak at the
distal right limb seen on CT scan on postoperative day 4.
On postoperative day 19, she returned with a 2-day history
of nausea, vomiting, renal failure, dehydration, and bilat-
eral lower limb flaccidity. After 3.5 years, the endoleak
had spontaneously resolved, the patient remained hemo-
dialysis-dependent, and ambulated with a cane.
This case describes the only known report of signifi-
cantly delayed permanent paraplegia after EVAR. The time
courses exhibited by our patient and that reported by Reid
et al15 reiterate the precarious blood supply to the spinal
cord after elective coverage of the IMA and lumbar arteries
after EVAR. Both patients were suffering from renal failure
strating endovascular exclusion of the abdominal aortic
cement of aorto-uni-iliac (AUI) device. Arrow indicates
iogram performed via retrograde injection from a left
he left common iliac artery via the occluder device, andmon
er pla
n ang
of tand exhibited acute hypoperfusion secondary to dehydra-
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rEVAR, and by Kwok et al,13 the hypogastric collateral
circulation is critical to the perfusion of the spinal cord after
EVAR. The combination of a high proximal graft place-
ment, and unilateral hypogastric artery embolization left a
tenuous collateral supply to this patient’s spinal cord. The
hypotension secondary to the sacral decubitus ulcer sepsis
reduced the perfusion to an already compromised circula-
tion resulting in spinal cord infarction.
This report highlights the importance of the fragile
circulation to the spinal cord that results after EVAR.
Specifically in cases after hypogastric embolization, high
placement of grafts, or ruptures with significant hemor-
rhagic shock, the spinal cord circulation is even further
compromised. Similar reports have documented howmain-
tenance of spinal cord perfusion pressure with appropriate
systolic blood pressure control is essential, and that cere-
Fig 4. Lateral aortogram before deployment of the aorto-uni-
iliac endograft. There were no prominent lumbar arteries noted in
the suprarenal segment of aorta to be covered by the endograft.brospinal fluid drainage or intravenous steroid therapy maybe helpful adjuncts in the acute setting to reverse symp-
toms.
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